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$D=-\dot{j}\nabla_{x}$ , $\alpha=(\alpha_{1}, \alpha_{2}, \alpha_{3})$ Dirac
$\alpha_{j}=(\begin{array}{ll}0 \sigma_{j}\sigma_{j} 0\end{array})$ $(j=1,2,3)$ ,
$0$ $2\cross 2$
$\sigma_{j}$ Pauli
$\sigma_{1}=(\begin{array}{ll}0 11 0\end{array})$ $\sigma_{2}=(\begin{array}{l}0-ii0\end{array})$ $\sigma_{3}=(\begin{array}{l}0l0-1\end{array})$
$Q(x)$ 4 $x4$ , (A)
.
(A) $Q(x)$ $qjk(x)(j, k=1, \cdots 4)$ ,
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, (3) $Q(x)=-\alpha\cdot A(x)+q(x)I_{4}$ .
, (1) Dirac
(3) , $q(x)\equiv 0$
$\alpha\cdot(D-A(x))=(\begin{array}{ll}0 \sigma\cdot(D-A(x))\sigma\cdot(D-A(x)) 0\end{array})$
. $\sigma\cdot(D-A(x))$ Balinsky-Evans [6] Weyl-Dirac
. 2 Dirac ,
.




. (4) . Kalf-Yamada [15],




, $\mathcal{L}^{2}:=[L^{2}(\mathbb{R}^{3})]^{4}$ , $H$
. (5) $H^{1}(\mathbb{R}^{3})$ 1 .
, $L^{2}$ :
$L^{2,s}(\mathbb{R}^{3})$ $:= \{u|\Vert u\Vert_{L^{2}}^{2},. :=\int_{R^{S}}\langle x\rangle^{2s}|u(x)|^{2}dx<+\infty\}$ (6)
, $\mathcal{L}^{2,s}:=[L^{2}’{}^{t}(\mathbb{R}^{3})]^{4},$ $\mathcal{L}^{2}:=\mathcal{L}^{2,0}$ .
$f$ $H$ . , $f\in Dom(H)\backslash \{0\}$ , $Hf=0$




, $\mathcal{L}^{2}$ $f$ , $Hf=0$
,
$\rho>\frac{3}{2}$ $0<s \leq\min\{\frac{3}{2}, \rho-1\}$
Weyl-Dirac $A(x)$
Loss-Yau [17] . , Weyl-Dirac
. ,
\"ohlich-Lieb Loss [14] , [17] (3 )
, .
, Loss-Yau [17]
: Adam-Muratori-Nash [1], [2], [3], Balinsky-Evans [5], [6], [7], Bugliaro-Fefferman-Graf [8],
Elton [9], Erd\"os-Solovej [10], [11], [12].
3 , 2
:Aharonov-Casher [4]. . (
$zere\succ energy$ eigenstates $!$ ) $2$
, Erd\"os-Vougalter [ $13|$ , Persson [19], Rozenblum-Shirokov [20]
. ) Balinsky-Eva$
[6], [7] 2 .
, 3 , .
1 $\rho>1$ , $f$ (1) . , $f$
, $|f(x)|\leq C\langle x\rangle^{-2}$ .
1 Loss-Yau [$17J$ $A(x)$ , . $f(x)$
$|x|arrow\infty$ $O(|x|^{-2})$ . , 1 ( $1<\rho\leq 2$ )
.





$T$ $f={}^{t}(f_{1}, f_{2}, f_{3}, f_{4})$
$Tf(x)$ $:= \int_{R^{3}}\frac{i\alpha\cdot(x-y)}{4\pi|x-y|^{3}}f(y)dy$ .
Sait\={o}-Umeda[21] .
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